The infrared vibration -rotation bands of ND in the X 3 S 0 state were recorded using a Fourier transform spectrometer. The bands were observed in a microwave discharge of a mixture of N 2 and D 2 in the presence of He. The rotational structure of six bands, 1 -0, 2 -1, 3 -2, 4 -3, 5 -4, and 6 -5, has been observed in the 1800 -2600 cm 01 region. The analysis of these bands provides an independent determination of the ground state vibrational constants in addition to an improved set of rotational constants. The principal molecular constants for the ground state are v e Å 2399.1255 (299) 
INTRODUCTION
1-1, and 2-2 bands of the A 3 P-X 3 S 0 transition at grating resolution, but the analysis of these bands does not provide NH is one of the most studied free radicals because of its the sufficient data to determine the equilibrium vibrational importance in astrophysics (1) (2) (3) (4) (5) (6) (7) (8) (9) , atmospheric sciences (10), constants. Recently, Patel-Misra et al. (36) observed the and chemistry (11) (12) (13) (14) (15) (16) (17) (18) . NH has been observed in the spectra spectrum of this molecule in the D£ Å /1 sequence of the of sun (1, 2) , cool stars (3-6), interstellar medium (7), and A 3 P-X 3 S 0 transition using a molecular beam source. They comets (8, 9) and has tentatively been identified in the earth's measured the lines in the 1-0, 2-1, and 3-2 bands of this atmosphere (10) . This radical is frequently observed in transition with a precision of {0.3 cm 01 . They combined flames (11) (12) (13) (14) and is readily made by photodissociation or these measurements with the previous data on the 0-0, 1-electron impact (15) (16) (17) (18) . The laboratory spectra of NH date 1, and 2-2 bands (32) (33) (34) (35) and reported the equilibrium from 1893, when Eder (19) initially observed the A 3 P-X 3 S 0 vibrational and rotational constants for ND. These constants transition near 3360 Å . Since then there have been many have relatively large uncertainty because of limited resoluinvestigations of this radical from the submillimeter to the tion. vacuum ultraviolet regions of the spectrum. Most of the The high-resolution vibration-rotation spectra of the previous work on NH has been summarized in our previous ground state of NH have been measured by Boudjaadar et papers (20, 21) .
al. (37) and Chackerian et al. (38) , and the far-infrared laser There have been numerous recent theoretical calcula-magnetic resonance spectra of the a 1 D state of NH and ND tions of the properties of NH including the dissociation have been studied by Leopold et al. (39) . In the most recent energy (22) , dipole moments (23), radiative properties, work on ND, Saito and Goto (40) have observed the submiland the rates of predissociation (17, 18, 23 -26) . Most of limeter-wave spectrum and reported precise rotational conthe recent experiments on NH and ND have concentrated stants including the hyperfine parameters for the £ Å 0 vibraon the laser spectroscopy of highly excited Rydberg states tional level of the X 3 S 0 state. (27 -31) .
In the present work, we report the observation of six In spite of so much interest in NH, only limited spectrovibration -rotation bands of ND at 0.01 cm 01 resolution scopic data are available for the ND molecule. This molecule using a Fourier transform spectrometer. From the analysis has previously been studied by Shimauchi (32, 33) and Kopp of these bands, we have characterized the first seven vibraand co-workers (34, 35) . These authors measured the 0-0, tional levels of the ground X 3 S 0 state. The present results provide a significant improvement in the molecular con-(41), then the calibration was transferred to the spectrum of ND. The spectra were measured using a program called PC-DECOMP developed at Kitt Peak. The measurements of the strong and unblended lines, which are observed with a maximum signal-to-noise ratio of 15:1 are expected to be accurate to {0.001 cm 01 . In the 2240-2390 cm 01 spectral region the lines of ND are overlapped with strong atmospheric CO 2 absorption. The lines located under the absorption lines of CO 2 could not be measured. The lines of ND falling at the edge of the CO 2 absorption features are not as accurate as the unblended lines and were therefore given lower weights in the final fit.
RESULTS AND DISCUSSION

(a) Analysis of ND Vibration-Rotation Bands
The structure of each band consists of three R and three P branches. The low N lines of the R and P branches could be easily identified by their characteristic triplet pattern. For a particular value of N, the three spin components of the 3 01 . In addition to ND bands, this spectrum also contained molecular lines of the w 1 P-a 1 D transition of N 2 and many atomic lines of the He, N, and D atoms. Because of a lack of strong CO lines in this spectrum, we decided to use some strong atomic lines as transfer standards for wavenumber calibration. For this purpose, we chose a separately recorded spectrum in which both CO and the atomic lines were strong. The atomic lines were first calibrated using the CO lines Table 1 , labeled with their JЉ values (not NЉ).
and g Hv were not determined and were fixed to zero. The constants of Table 2 were used to determine the equilibIn the fundamental 1-0 band, lines have been observed up to R(N Å 34) and P(N Å 13). The P-branch lines are rium molecular constants for the ground state, which are provided in Table 3 . The v e value that we determine is in weak in intensity because of strong Herman-Wallis effects (38). In fact, no P-branch lines were identified for the 6-5 reasonable agreement with the value obtained by PatelMisra et al. (36) but v e x e differs by 1.25 cm 01 . Their band and only a few low-N P lines were identified in the 5-4 and 4-3 bands (Table 1) Hamiltonian is provided in our previous paper values, however, agree well with the present constants, within experimental error. Not surprisingly, since we used on NH (20) . The initial constants obtained for the £ Å 0 vibrational level were found to be in reasonable agreement their data, our £ Å 0 rotational constants are also in excellent agreement with the constants of Saito and Goto (40) . with the constants of Saito and Goto (40) obtained from the submillimeter-wave spectrum. The final set of con-
The equilibrium constants of ND result in the ground state equilibrium bond length of 1.036651(9) Å which can stants were obtained by fitting the data of all of the bands simultaneously to provide a single set of constants (Table be compared with the bond length r e Å 1.03675 Å for the ground state of NH (20) . The recommended dissociation 2). In this fit the hyperfine-free submillimeter pure rotational wavenumbers for the N Å 1 r 0 transition of Saito energy D 0 is 77.7 kcal/mole (27 200 cm 01 ) for NH (22) . Our data for vibration -rotation levels up to £ Å 6, N Å Goto (40). As we were checking our computer program it was noticed that the constants reported in our previous work 21 enable about 55% of the potential well of ND to be mapped.
on PH (42) do not reproduce the high J lines within the experimental error. In addition, submillimeter-wave mea-(b) Redetermination of Molecular Constants of PH surements have also been reported recently for PH (43) . We therefore decided to refit our previous vibration-rotation We had some initial difficulty in combining the ND meameasurements along with the pure rotation lines in order to surements with the pure rotational transitions of Saito and obtain improved constants for the ground state of PH. The new set of molecular constants for the ground state of PH are provided in Table 4 and the equilibrium constants in 
CONCLUSION
The infrared emission spectra of six vibration-rotation bands of ND have been observed at high resolution using a Fourier transform spectrometer. The analysis of these bands provides a set of rotational constants for the £ Å 0, 1, 2, 3, 4, 5, and 6 vibrational levels of the X 3 S 0 state. A much improved set of equilibrium vibrational and rotational constants was determined. Improved molecular constants for PH operated by the Association of Universities for Research in Astronomy,
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